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1.1.  Object  cf  Investigation. 


To  examine  the  effect  of  proportion  of  ammonia,  using  aqueous  solutions, 
in  the  emination  of  0-c  thyli  sourer,,  i.c.  in  the  esninntion  stage  of  the 
process  for  the  manufacture  of  nitroguanid inc  from  urea,  using  tho  molar  ratio, 
urea:  diethyl  sulphate.  lil. 


1.2.  Scope  of  Investigation. 

The  formation  of  guanidine  from  O-cthylisourcn,  moro  strictly  'othylation 
product’,  has  boon  studied  using  the  molar  ratio,  urea:  diothyl  sulphate,  1:1, 
varying  (a)  the  molar  ratio  of  0-e thyli sou re a:  NH3,  (b)  concent  ration  of 
tomonia,  and  (c)  time  of  reaction  at  a  temperature  of  60 °C. 

1.3.  Conclusions. 


QThe  rate  and  extent  of  formation  of  gu.anidino,  in  aqueous  solution  at 
60  0,  from  O-o  thyli  so  urea,  contained  in  the  'othylation  product’  prepared 
using  urea  (l  mole)  end  diethyl  sulphate  (l  mole),  is  determined  by  the 
proportion  of  ammonia  used  for  simulation. 


-*  constant  and  optimum  yield,  based  on  urea  of  75  to  76  per  cent  guanidine 
is  obtained  using  1.33  to  1.70  moles  NH3,  contained  in  4.5  moles  HgO  per  mole 
urea.  Ilo  further  increase  in  yield  is  obtained  using  a  higher  proportion  of 
ammonia. 


The  rate  of  amination  increases  with  increase  in  proportion  of  ammonia. 
Using  1.33,  1.52,  1.70  and  2.34  moles  NH3  rospoctivcly  in  4.5  moles  H2O,  per 
mole  urea  or  diothyl  sulphate,  the  reaction  times  for  attainment  of  optimum 
yiold  of  guanidine  are  2.0,  1.0,  0.75  and  0.50  hour  respectively. 

Tho  yield  of  guanidine,  now  recorded,  viz.  75  to  76  per  cent,  is  2  to  3 
per  cent  higher  than  that,  viz.  72  to  73  per  cent,  previously  recorded  using 
1.14  moles  HH3  in  4.5  moles  HgO.  after  3  hours  at  60b0.  Using  1.33  and  1.52 
moles  NK3  a  yiold  of  72  to  73  per  cent  guanidine  can  bo  obtained  in  1.0  .and 
0.50  hours  respectively. 

t 

Tho  increase  in  yield  of  guanidine  now  recorded,  viz.  2  to  3  per  cent, 
is  equivalent  to  an  increa.se  in  output  of  3  to  4  per  cent  nitroguonidinc  in 
the  process. 


1,4.  Keen  meU.Ca.ti  -ns. 


The  use  of  at  least  1.33  moles  WH3,  contained  in  4.5  moles  HgO  per  mole 
diethyl  sulphate,  or  urea,  is  recommended  for  amination  of  the  product  of 
othylation  obtained  in  the  first  stage  of  the  process  for  the  manufacture  of 
nitroguanidine  from  urea. 

The  use  of  a  higher  proportion  of  ammonia  would  bo  determined  primarily 
by  technical  considerations  relating  to  desired  throughput. 


2.  IKTFOD  UC  T  xC '  I’i . 

Harly  work  (l)  (2)  showed  the  feasibility  of  producing  nitroguanidine  from 
urea.  In  later  work  (3)  the  elements  of  a  process  for  the  production  of 
nitroguanidine  (pic rite)  from  urea  were  established. 


Since,  a  more  critical  examination  has  been  ma.de  of  oa.ch  stage  in  tho 
proposed  process  for  the  production  of  nitroguanidine  from  ur^a.  in  order  to 


introduce  possible  improvements  and  define  more  exact  conditions  foi /  a 
continuous  process.  A  full  report  covering  this  work  is  in  preparation. 

At  the  U.S.  Conference  on  'High  Nitrogen  Compounds'  held  at  Chicago  on 
Sept.  11-15,  1950,  a  paper  (4)  was  presented  outlining  the  present  position  and 
including  a  flowsheet  for  the  projected  process.  The  optimum  conditions  for  the 
four  stages,  vis.  alkylation,  amination,  hydrolysis  and  nitration,  involved  in 
the  process  were  defined.  The  study  of  the  amination  stage  was,  at  the  time  of 
presentation,  not  complete  and  now  the  results  which  an  considered  of  significance, 
are  presented  in  the  form  of  an  E.S.D.E.  Technical  Memorandum.  The  issue  of 
this  paper  will  facilitate  the  work  of  those  now  actively  engaged  in  the  field 
whilst  the  more  complete  report  is  being  compiled. 


5.  THE  ACTUATION  STAGS. 

The  amination  of  the  product  of  the  ethylation  stage,  using  urea  (l  molo) 
and  diethyl  sulphate  (D.K.S.,  1  mole)  has  been  studied  using  gaseous  ammonia, 
under  anhydrous  conditions,  and  aqueous  ammonia.  Only  thos^  results  referring 
to  th.  use  of  aqueous  ammonia  will  be  considered  in  this  report  as  they  arc 
considered  more  relevant  to  the  technical  procedure  envisaged  in  the  process 
for  the  manufacture  of  nitro guanidine  from  urea. 

It  was  stated  (4)  that  the  conversion  of  0- ethyl iso urea,  contained  in 
the  ethylation  product,  to  guanidine  was  optimum  using  about  20  por  cent  excess 
ammonia,  based  on  about  74  per  cent  conversion  of  urea,  to  0 -ethyl  iso  urea,  and 
auni anting  at  60°C.  for  3  hours.  In  the  amination,  in  addition  to  formation  of 
guanidine,  a  further  quantity  of  ammonia  was  fixed  in  side  reactions.  Thus, 
using  urea  (l  mole)  and  D.E.S.  {l  mole),  amount  of  ammonia  used  for  amination 
was  0.74  +  50?  (0.74)  molo  =  1.11  mole  Mg;  of  this,  it  was  found  that  about 
0.22  mole  Mg  was  'fixed  in  side  reactions,  showing  real  excess,  i.c.  unrcact^d, 
of  ammonia  used  for  guanidine  fo  mat  ion  to  be  about  0.15  mole  Nllg,  equivalent  to 
20  per  cent  excess  on  the  0-othyl  iscuroa  value. 

In  further  discussion  of  the  amination  stage  it  is  now  preferred  to  refer 
to  ammonia  usage  in  terns  of  moles  Mg  used  per  mole  urea,  or,  per  mole 
'ethylation  product',  prepared  using  urea  (l  mole)  and  D.E.S.  (l  mole). 

The  rate  and  extent  of  amination  of  the  product  of  the  ethylation  stage, 
using  urea  (l  molo)  and  D.E.S.  (1  nolo)  has  been  studied  in  aqueous  solution 
at  60nC.  using  the  following  molar  proportions-  of  ammonia  (per  mole  urea) 
respectively;!. 14  (25;;),  1.33  (50  )  1.52  (75?),  1.70  (l00(r)  and  2.34  (185?). 

In  brackets  arc  shown  the  percentage  of  excess,  i.c.  unreact^d,  ammonia  used, 
as  defined  above,  assuming  the  formation  of  0.75  mole  0-cthylisourcn  froifl 
1  molo  urea,'  and  0.20  mole  Mg  fixed  in  side  reactions.  In  all  cases  the  water 
introduced  in  the  ammonia  solution  was  that  previously  found  (4)  (5)  to  be 
optimum  for  the  hydrolysis  stage,  viz.  4.5  moles  H2Q  per  mole  D.E.S.  used  in 
ethylation  stage.  The  necessary  input  of  ammonia  was  achieved  by  using  an 
aqueous  solution  of  suitable  concentration.  Thus,  in  our  experiments,  since 
the  amount  of  water  present  is  constant  the  combined  effect  of,  (a)  molar 
ratio  of  0-Et -iso urea  :  NHg  nnd,(b)  concentration  of  ammonia  has  been  observed. 

The  experimental  results  obtained  are  shown  in  Section  5,  4  (Tables  2  and  3). 
These  show: 

(i)  A  constant  and  optimum  yield,  based  on  urea,  of  75  to  76  per  cent 
guanidine  is  obtained  using  1.33  to  1.70  moles  IJHg,  contained  in  4,50 
moles  H20,  per  molo  per  urea.  No  further  increase  in  yield  is  obtained 
using  n  higher  proportion  of  ammonia. 

(ii)  The  rate  of  amination  increases  with  increase  in  proportion  of 
ammonia.  Using  1.33,  1.52,  1.70  and  2,34  moles  Mg  respectively  in  4. 5 
moles  H2O,  per  mole  or  D.U.8.  the  reaction  times  for  attainment  of 
optimum  yield  of  gu~nidine  arc  2,1,  0.75  and  0.50  hour  respectively. 

(iii)  the  yield  of  guanidine  now  recorded,  viz,  75  to  76  per  cent,  is 

2  to  3  per  cent  higher  than  that,  viz.  72  to  73  per  cent,  previously  recorded. 
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C 3)  (4)  (5) ^  and  obtained  using  1.14  moles  NH3  in  4.5  moles  H2O  after  3  hours 
at  60  C.  using  1.33  and  1*52  moles  NHg  a  yield  of  72  to  73  per  cent  guanidine 
can  be  obtained  in  1;0  and  0.5  hour  respectively. 

(iv)  In  addition  to  the  ammonia  converted  to  guanidine  a  further  quantity 
is  consumed  in  side  noactions;  this  had  been  found  to  correspond  to  about  0.25 
mole  NHg  per  mole  ’ethylation  product'.  The  total,  consunption  of  ammonia  at  the 
amination  stag*-  is  therefore  almost  exactly  1  mole  HH3  per  mole  '  ethylation 
product*  or,  per  mole  urea. 

(v)  The  use  of  an  increased  excess,  i.c.  when  using  high  proportions,  of 
ammonia  would  necessitate  the  recovery  of  correspondingly  larger  quantities  of 
ammonia.  Tho  proportion  of  ammonia  used  would  be  determined  primarily  by 
technical  considerations  relating  to  throughput  desired. 


4.  CONCLUSION 

Conditions  have  been  dofinod  establishing  an  improvement  in  yield,  based 
on  uiva,  from  72  to  73  to  75  to  76  per  cent  guanidine. 

Th^  overall  yield  obtainable  of  purified  nitroguanidinc,  based  on  urea, 
Should  correspondingly,  in  the  light  of  this  study,  be  about  2  to  3  per  cent 
higher  than  that  previously  recorded  (3)  (4),  which  is  oqui valent  to  an  increase 
j.n  output  of  3  to  4  per  cent  of  final  product. 
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6.  EXPERL.iliNT^  Jj  . 

6*1*  ethylation  of  Urea:  Preparation  of  'Ethylation  Prod uct1 

Small  batches  of  urea  were  ethylated  with  diethyl  sulphate  using  tho  molar 
ratio  urea:  D.L.S. ,  1:1  and  carrying  out  the  reaction  at  110°C  for  30  min.  This 
p  roe  uct,  which  ’.ill  be  referred  to  as  'ethylation  product'  consists  primarily  of 
O-cthylisourea  in  the  form  of  a  salt  of  ethyl  hydrogen  sulphate;  it  solidifies  on 
cooling  and  was  stored  prior  to  use  in  a  desiccator. 

*  • 

■  ® •  .lamination  of  'Ethylation  Product1 

The  necessary  input  of  ammonia  was  achieved  by  using  an  aquoous  solution 
of  suitable  concentration. 


The  molar  proportions  of  ammonia,  per  mole  urea,  or  D.E.S.  or  'ethylation 
product',  us^d  we  re  respectively:  1.14  (25/),  1.33  (50:0,  l*52  (75/),  1. 70(100/) 
<and  2.34  (185;.),  contained  in  4.5  moles  HgO  por  mole  D.3.3,  or  urea,  (molar 
r..ti  i,l:l)  used  in  the  ethylation  stage:  in  all  eases  the  water  introduced  was 
that  previously  found  to  be  optimum  for  the  hydrolysis  stage.  In  brackets  are 
slin/n  the  percentage  excess,  i.c.  unreacted,  ammonia  used  calculated  on  tho 
c  intent  ol  0-cthylis  lurea,  assuming  that  0.75  mole  0-ethyl iso urea  was  formed 
from  1  nolo  urea,  and  0.20  rrole  I1H3  was  fixed  in  side  reactions.  In  some 
p  rcliminniy  exp  crimcnt  s 


/it 


“  v/  C0Nf:0/IT!A! 


it  ha."!  boon  observed  that  0,20  mole  NH3  was  fixed,  per  molo  urea,  in  side 
reactions,  but  in  the  experiments  now  recorded  the  amount  of  ammonia  fixed  in 
side  reactions  would  appear  to  bo  0.25  mole  HH3  per  molo  uroa. 

6.3,  General  Method . 

'Ethylation  product'  was  melted  and  10  g.  (approximate)  samples  poured  into 
weighed  boiling  tubes  fitted  with  rubber  stoppers.  Thu  contents  of  the  tubes 
were  quickly  coolod  to  give  a  supc roe clod  syrup  and  the  tubes  rowoighed. 

The  requisite  ammonia  solution  was  added  from  a  burette  to  form  a 
supernatant  layer  and  the  tube  securely  stoppered  and  weighed.  The-  contents 
of  the  tube  wore  well  shaken  when  a  clear  homogeneous  solution  was  readily 
obtained.  The  tube  was  then  reheated  in  an  oil  bath  at  60 .  for  the  desired 
period  of  time. 

When  the  period  of  heating  had  elapsed  the  tube  was  removed  from  the  bath, 
quickly  cooled  and  the  contents  washed  into  a  250  ml.  standard  flask  containing 
a  known  excess  of  N  sulphuric  acid.  This  served  t  0  arrest  the  aminatim  react i  n 

The  solutim  was  made  up  to  250  ml.  and  free  acidity  determined  by 
titrating  25  ml.  portions  against  N  sodium  hydroxide  to  methyl  red  with 
aqueous  ammonia,  were  analysed  for  guanidine  in  the  usual  way. 

6.4.  Experimental  Data, 

Two  serios  of  experiments  were  carried  out: 

Series  I  Two  different  batches  of  'ethylation  product'  were  used  in 
this  series;  one  batch  using  1.33  m  los  NH3  (50;  excess)  and  1.52  moles 
NH3  (75''  excess),  and  the  other  using  1.70  miles  NH3  (100/  cxcoss) 
and  2.34  rales  NH3  (185'  excess).  The  results  obtained  arc  therefore 
not  strictly  comparable. 

IT  etc :  Some  values  of  c  onsumptim  of  ammonia,  i.c.  fixed  in  side  re  acti  ns, 
are  probably  too  high  due  to  experimental  liases  if  ammonia. 

The  experimental  conditions  t  gethor  with  the  analytical  data 
arc  shown  in  Table  1. 

Series  II  All  experiments  were  carried  out  on  a  uniform  batch  f  material. 
Greater  care  was  taken  t  minimis-  manipulative  1  isscs  if  ammonia.  In  these 
experiments  the  s  >luti  n  bef.-rc  insertion  in  the  oil  bath  was  nil. owed,  t  stand 
10  min.  at  r  im  temperature;  under  these  conditions  the  temperature  of  the 
s  luti  >n  ns^  spontaneously  t  >  about  35-40  C. 

The  experimental  e  ml iti  '-ns  together  with  the  analytical  data  arc  sh  >wn 
in  Table  2. 
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